Patulin and diacetoxyscirpenol are potent inhibitors of the sporulation of fungi, Aspergillus }lavus, A. niger, Penicillium expansum, Neurospora crassa, Cladosporium herbarum, Rhizopus nigricans, Thamnidium elegans, and Mucor spinosus. The toxicity of diacetoxyscirpenol is markedly higher than that of patulin.
It is well known that mycotoxins can damage higher plants, algae, and microorganisms in many different ways (1).
In the case of fungi the most thoroughly investigated aflatoxins are able to inhibit the growth of Aspergillus flavus, Penicillium chrysogenum, and P, duclauxi (2).
It causes abnormal spore germination and suppression of enzyme activities in Mucor hiemalis (3) as well as growth of aberrant germination hyphae in Thamnidium elegans (4) and inhibits sporulation in different moulds (5).
In addition, the production of mutants in Neurospora crassa (6, 7) and an influence on the fermentation activity of baker's yeast (8) by aflatoxin B1 were observed. Rubratoxin B produces different damage (hyphal aberrations, inhibition of sporulation) in fungi (9) and influences the fermentative C02 production of Saccharomyces cerevisiae (8).
The same effect was observed in the case of patulin (8) which, in addition, inhibits the growth of Ustilago tritici (10), of Pythium sp. (11) and of A, niger, A, oryzae, Rhizopus sp., Trichoderma sp., and Fusarium culmorum (12), and produces respiration-deficient mutants in S. ,cerevisiae (13).
It is known that diacetoxyscirpenol can inhibit the germination of P. digitatum spores (14) .
Continuing earlier work on the ability of aflatoxin B1 and rubratoxin B to inhibit sporogenesis and to produce hyphal abnormalities (4, 5, 9), a study REiss VOL. 19 was undertaken to see whether patulin and diacetoxyscirpenol can intoxicate fungi in a similar way.
MATERIALS AND METHODS

Fungi.
The following test organisms were used : Aspergillus flavus IMI 89717 (Commonwealth Mycological Institute, Kew, England), A. nigerstrain D3 (from the collection of the Institute of Special Botany, University of Mainz, Germany), Penicillium expansum strain D19, Neurospora crassa strain D12, Cladosporium herbarum strain F4, Rhizopus nigricans strain B20r Thamnidium elegans strain B23, and Mucor spinosus strain B5. The fungi were cultivated in petri dishes on malt extract agar (4% malt extract, 0.5% peptone, 2.5% agar).
Test for sporulation. Filter disks (Schleicher & Schi ll, Nr. 2668, ~b 9 mm) were soaked with different concentrations (100, 10, 1, and 0.1 pg/disk) of patulin (Dr. F.A. Norstadt, Fort Collins, Colorado, U.S.A.) and diacetoxyscirpenol (Dr. H. Stahelin, Basle, Switzerland) which had been dissolved inn chloroform. Controls were filter disks soaked with chloroform without toxin (control a) and disks without pretreatment (control b). The subsequent procedures were the same as previously used (5, 9).
Tests for germination and hyphal growth. This study was performed according to REISS (9) using malt extract solution (1.7% malt extract, 0.3% peptone) with addition of 100, 10, or 1 pg of the individual mycotoxin in 0.3% dimethylformamide. In the controls the toxin was replaced by the solvent or by distilled water.
RESULTS
Influence on sporulation
The results are summarized in Table 1 . Patulin and diacetoxyscirpenol in concentrations of 100 and 10 pg inhibit the sporulation of nearly all fungi almost completely, whereas lower levels allow the production of spores to a greater or lesser extent. Diacetoxyscirl penol is markedly more toxic than patulin. The phycomycetes R. nigricans, Th. elegans, and M. spinosus are more sensitive than the other fungi. Moreover, it was observed that the growth of aerial hyphae is not as significantly suppressed as sporogenesis. For example the hyphae of A, flavus were abundant under the influence of 100 and 10 pg diacetoxyscirpenol whereas no sporangial heads could be seen.
When P. expansum and N. crassa were exposed to 1 pg of diacetoxyscirpenol the conidia-producing organs were markedly shorter (P. expansum) or less branched (N, crassa) than in the controls.
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Influence on germination and morphology of hyphae Patulin.
Only in the case of C. herbarum, R. nigricans, and Th. elegans an influence of 100 pg toxin/ml could be observed after an incubation period of 18 hr ; germination hyphae of the two first fungi were not formed at all or were pronouncedly shorter than in the controls (Figs. 1-4) .
No malformation occurred.
A total inhibition of the production of germination hyphae in Th. elegans by 100 pg patulin/ml was very striking, whereas lower toxin levels had no effect.
Diacetoxyscirpenol. After a 24-hr treatment with the highest concentration (100 pg/mi), only Th, elegans showed severe damage ; as compared with the control the spores remained ungerminated but occasionally showed primordia of germination hyphae (Figs. 5 and 6). Germination was almost completely inhibited with 10 pg toxin/ml.
When new hyphae had been formed they were markedly shorter than in the control and were not malformed (Fig. 7) . The germination of other fungi was not affected even by 100 pg toxin/ml.
DISCUSSION
As in the case of aflatoxin and rubratoxin B the mycotoxins patulin and diacetoxyscirpenol inhibit the spore production to a considerable extent. The greater sensitivity of phycomycetes as well as the formation of aerial hyphae even under conditions where no spores are formed were also observed in general under the influence of aflatoxin (5) and rubratoxin B (9).
The latter toxin reduces the development of sporogenic organs of some fungi. The same was observed in the case of diacetoxyscirpenol. Normally developed germination hyphae after 18 hr in dimethylf ormamide control. Very short germination hyphae after 18 hr in 100 pg patulin/ml. The high susceptibility of the spore germination of Th, elegans to the influence of the two mycotoxins tested is an interesting phenomenon. It supplements earlier observations that aflatoxin B1 also influences the spore germination of that fungus (4).
In a comparison of the observations on the influence of aflatoxin B1, patulin, and diacetoxyscirpenol, it is evident that these compounds react unspecifically on fungi. Only rubratoxin B is able to produce more specific damage on some moulds, e.g., swelling of hyphal tips and plasmoptysis (9). Sporulation is clearly more affected than the production and the morphology of germination hyphae.
Once spores have been formed, the germination and the growth of hyphae of most fungi are not influenced even by 100 pg/ml of the mycotoxins or only to a limited extent.
The reason for the special susceptibility of Th. elegans is still unknown. 
